INTRODUCTION
============

Prostate cancer is the most prevalent cancer among elderly men in the U.S. with an estimated 233,000 new cases diagnosed in 2014.^[@R1]^ The median age at diagnosis of prostate cancer is 66 years and majority of prostate cancer survivors are 70 years or older.^[@R1]^ Annual Medicare expenditure is higher for prostate cancer than for any other cancer in elderly men and is expected to grow with the aging of the U.S. population.^[@R2]^ Over the years, management of prostate cancer has undergone significant changes, especially for advanced disease stage. Most men with advanced prostate cancer are elderly and often have multiple comorbidities that require complex care.^[@R3]^ Thus, caring for advanced stage prostate cancer is challenging due to the uncertainty regarding best course of treatment, associated costs, and outcomes.

Non-Hispanic black men have higher incidence of prostate cancer, higher mortality related to this disease, and are more likely to be diagnosed with advanced disease stage.^[@R1]--[@R4]^ Research shows that race/ethnicity is an important predictor of treatment for prostate cancer.^[@R4],[@R5]^ However, limited information is available regarding racial/ethnic disparity in cost of care and mortality for advanced stage prostate cancer.^[@R4],[@R6]^ Assessment of cost of care and mortality can yield valuable insight into intensity of care. Such information is crucial for development of healthcare policies aimed at improving the quality of care for Medicare elderly from all racial/ethnic groups.^[@R7]--[@R9]^ The objective of this study was to analyze the racial/ethnic differences in cost of care and 5-year mortality (prostate cancer-specific and all-cause), in elderly men with advanced stage prostate cancer, after adjusting for socio-demographic attributes, clinical attributes, and prostate cancer treatment. We hypothesized that cost of care and mortality will vary between racial/ethnic groups, racial/ethnic disparity in cost of care will exist at all levels of expenditure, and treatment can explain disparity in outcomes.

METHODS
=======

Design Overview
---------------

We used SEER-Medicare linked data of the National Cancer Institute which bring together administrative claims and clinical tumor registry data for Medicare enrollees.^[@R10]^ SEER program collects data on cancer incidence, treatment and mortality from 16 SEER sites and encompasses 26% of the US population. Except for individuals enrolled in health maintenance organizations or those without Part B coverage, Medicare claims provides information about health services utilization for US residents aged 65 and older or for those disabled persons younger than 65 years. Of persons diagnosed with cancer at age 65 or older, and enrolled in SEER registries, 93% have Medicare claims match. SEER data also provide tumor characteristics that are essential to adjust for prostate cancer severity.^[@R10]^ This study was reviewed and approved by the Institutional Review Board of University of Pennsylvania.

Setting and Participants
------------------------

We created a cohort of all non-Hispanic black, Asian, Hispanic, and non-Hispanic white men, aged 66 years or older, and diagnosed with advanced prostate cancer between 2001 and 2004. Eligible patients had no prior history of other cancer and had continuous coverage. Those who were alive at 5-year follow-up had continuous coverage of Part A and Part B and no HMO over the 5-year follow-up period. Those who had died within 5 years of diagnosis had continuous Part A and Part B coverage and no HMO until the time of death. From the SEER Patient Entitlement and Diagnosis Summary (PEDSF) file, advanced stage prostate cancer cases were identified by selecting regional or distant codes for the variable "Summary stage 2000." This variable is derived from Collaborative Stages (CS) for 2004+ and extent of disease (EOD) before that, and is used in most SEER publications.^[@R11]^ We excluded those younger than 66 years of age at the time of prostate cancer diagnosis to ensure that we have at least 1 year of prediagnosis claims available to determine comorbidity scores. The longitudinal nature of the SEER-Medicare linked data enabled us to follow retrospectively each patient in our cohort for 1 year before and up to 5 years post his prostate cancer diagnosis. We defined treatment phase as the 1-year period after diagnosis of cancer, and follow-up phase as the period of 4 years posttreatment phase. For those who died during treatment or follow-up phase, we defined the 1-year period before death as the terminal phase.^[@R12]--[@R14]^

Outcome Variables
-----------------

### Direct Medical Care Cost

Direct medical care costs are the reimbursements made by Medicare^[@R12],[@R14]^ and include reimbursements for inpatient hospitalizations, outpatient hospital visits, hospice care, home health agency, durable medical equipment, and physician and provider services.

### Mortality

We used all-cause mortality data reported both by SEER and by Medicare. For SEER reported mortality, we constructed date of death using the SEER month and year of death. Since SEER does not report day of death, we assigned the middle of the month as the day of death. We coded a patient as deceased if SEER and/or Medicare reported so. Time to death was the time between prostate cancer diagnosis and death. We censored those patients who were alive at the end of 5-year follow-up. The variable "SEER cause-specific death classification" from PEDSF was used to discern if death was prostate cancer-specific.

Explanatory Variables
---------------------

### Treatment

Treatments for prostate cancer were grouped as follows: Surgery alone; surgery with radiation only, or with hormone therapy, and/or chemotherapy; radiation alone; radiation with hormone therapy, and/or chemotherapy; hormone therapy and/or chemotherapy; none. (treatment codes are reported in the Appendix).

Demographic and clinical information: we obtained demographic data on age and marital status (married vs. other) from the PEDSF file. Data on grade (moderately differentiated, poorly differentiated, undifferentiated, and unknown), and stage (regional vs. distant) were also obtained from the PEDSF file. We adjusted for disease severity using prostate cancer grade and comorbidity score. Charlson comorbidity score was calculated to assess medical comorbidity using inpatient, and outpatient claims in the 1-year prediagnosis period.^[@R15]--[@R18]^

Statistical Analysis
--------------------

To begin with, we tested for underlying difference in demographic and clinical characteristics of non-Hispanic black, Asian, Hispanic, and non-Hispanic white patients from our cohort. We used 3 different approaches to analyze the cost of care. First, we used the 2-part model approach to study the disparity in cost of care across different racial/ethnic groups. Part 1 of the 2-part model is a logistic regression to model the odds of incurring cost as a function of race/ethnicity, after adjusting for demographic attributes, clinical attributes, stage, grade, treatment, and propensity score. Part 2 models the cost of care using a log-link and gamma distribution variance function for those who have incurred any cost.^[@R19]--[@R22]^ The second approach to analyze cost of care is using quantile regression. In 2-part models, the disparities in racial/ethnic group were measured at the population\'s mean conditional on socio-demographic variables. Mean differences may not capture difference occurring along different parts of the distribution. Therefore, we first compared the unadjusted cost distributions across 4 racial/ethnic groups and then applied quantile regression to study the magnitude and direction of disparity in cost of care at lower, middle, and higher percentiles of cost distribution.^[@R20]^ These analyses were conducted separately for treatment phase, follow-up phase, and terminal phase of care. Finally, in our third approach to analyze the association between race/ethnicity and cost of care, we used 3 sequential sets of generalized linear model (GLM) with a log-link and gamma distribution variance function \[17--20\]. In the first set, race/ethnicity, marital status, comorbidity, grade, stage, and geographic area (urban/rural) were the independent variables. Coefficient of race/ethnicity was the statistic of interest. In the second set of models, we included prostate cancer treatments and in the third set of models, we introduced propensity score. To develop propensity score, using multinomial logistic regression we first estimated, for each prostate cancer patient, the probability of receiving surgery, external beam radiation therapy, hormone therapy, chemotherapy, or no treatment based on age, race, grade, stage, geographic location, marital status, and comorbidity score.^[@R20]^ To study the extent of treatment group matching, we compared the t-statistics for these covariates before and after adjusting with propensity score. Cox regression was used to study the association between race/ethnicity and mortality (prostate cancer-specific and all-cause), with the help of 3 sets of sequential models.

RESULTS
=======

Sample Characteristics
----------------------

Our cohort consisted of 10,509 fee-for-service elderly (aged ≥66 years) Medicare beneficiaries diagnosed with advanced stage prostate cancer between 2001 and 2004. We observed significant differences in the demographic and clinical characteristics between racial/ethnic groups (Table [1](#T1){ref-type="table"}). Hispanic patients were slightly younger than other racial/ethnic groups. Non-Hispanic black patients were less likely to be married and had higher comorbidity, compared with other groups. Treatment differed between racial/ethnic groups. A higher proportion of non-Hispanic black patients did not receive treatment compared with other racial/ethnic groups.

###### 

Baseline Demographic and Clinical Characteristics (n = 10,509)
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Cost of Care Outcome
--------------------

In Table [2](#T2){ref-type="table"}, we present the results of 2-part models for costs during treatment phase, follow-up phase, and terminal phase.

###### 

Two-Part Model for Cost Across Phases of Care
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### Treatment Phase

Part 1 of the 2-part model indicates that the odds of incurring costs in treatment phase were significantly lower for non-Hispanic black elderly men (odds ratio (OR) = 0.67; 95% confidence interval (CI) = 0.56, 0.80). However, Part 2 of the 2-part model shows that among those who incurred costs, Asians had significantly lower cost of care in the treatment phase (estimate = −0.1841, standard error (SE) = 0.076). On the other hand, Hispanic patients had higher cost (estimate = 0.1233, SE = 0.058), compared with non-Hispanic whites.

### Follow-Up Phase

For this phase, we observed results somewhat similar to those for the treatment phase. Non-Hispanic blacks and Hispanics had lower odds of incurring costs (OR = 0.71, CI = 0.59, 0.85; and OR = 0.79, CI = 0.64, 0.98, respectively).

### Terminal Phase

In this phase, Hispanic patients had significantly lower odds of incurring any cost (OR = 0.66, CI = 0.46, 0.96), compared with non-Hispanic white patients. Among those who incurred any cost, compared with non-Hispanic white group, all other racial/ethnic groups had higher cost, the magnitude being highest for non-Hispanic black patients.

In Table [3](#T3){ref-type="table"}, we present cost distribution for each racial/ethnic group during the 3 phases of care using quantile regression. For treatment phase, all racial/ethnic groups had zero costs over the lower quarters of the distribution. Non-Hispanic black patients had lower costs at 75th and 100th percentiles, and Hispanic and Asian patients had lower costs at 100th percentile, compared with non-Hispanic white patients. For the follow-up period, the difference in cost was highest at the median. Compared with non-Hispanic white group, all other racial/ethnic groups had lower costs across the distribution. However, the magnitude of the differences varied. The pattern of cost distribution also varied for the terminal phase. In this phase, compared with non-Hispanic white patients, Asian patients had higher cost over the entire distribution, whereas non-Hispanic black patients had higher costs at the 25th, 50th, and 75th percentiles. Hispanic patients had higher cost at the 50th and 75th percentiles only.

###### 

Distribution of Cost Across Phases (\$)
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The results of quantile regression are presented in Table [4](#T4){ref-type="table"}. The dependent variable was log of cost and we adjusted for socio-demographic and clinical variables, grade, stage, treatment type, and propensity score. For the treatment phase, no disparities were observed at the lower 3 quantiles. At 95th percentile, non-Hispanic black patients had significantly lower cost of care and Hispanic patients had higher cost of care, compared with non-Hispanic white patients. During the follow-up phase, compared with non-Hispanic white patients, all others had lower cost of care at 25th, 50th, and 75th percentiles. For terminal phase, non-Hispanic blacks had higher cost of care at all quantiles of the cost distribution, and Hispanics had higher cost of care at 75th and 95th percentiles, compared with non-Hispanic white patients. Results of our third approach to analyze cost of care are presented in Table [5](#T5){ref-type="table"}. As seen from the last column, the overall cost of care was significantly higher for non-Hispanic black group compared with non-Hispanic white group.

###### 

Quantile Regression
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###### 

Race and Ethnicity and Five Years Total Cost \[Step Wise GLM-Log Link Model
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Mortality
---------

Table [6](#T6){ref-type="table"} depicts sequentially adjusted models for all-cause and prostate cancer-specific mortality. In step 1, non-Hispanic black patients had higher hazard of all-cause mortality (HR = 1.19, CI = 1.08, 1.32), whereas Asians had lower hazard of all-cause mortality (HR = 0.77, CI = 0.64, 0.92), compared with non-Hispanic whites. Similarly, non-Hispanic black men had higher hazard of prostate cancer-specific mortality (HR = 1.20, CI = 1.10, 1.41) and Asian men had lower hazard of prostate cancer-specific mortality (HR = 0.73, CI = 0.58, 0.93) compared with non-Hispanic white men. However, after adjusting for prostate cancer treatment and propensity score (Step 2 and Step 3), the hazard of all-cause mortality and prostate cancer-specific mortality was not significantly higher for non-Hispanic black patients compared with non-Hispanic white patients. On the other hand, for Asians, the hazard of all-cause mortality (HR = 0.76, CI = 0.64, 0.91) and prostate cancer-specific mortality (HR = 0.74, CI = 0.58, 0.93) remained lower compared with non-Hispanic white patients.

###### 

Race/Ethnicity and Five Year Mortality-Step Wise Cox Regression Models
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DISCUSSION
==========

In this population-based study, we found significant racial/ethnic disparity in outcomes among Medicare fee-for-service elderly with advanced stage prostate cancer. Important findings of the study are as follows: first, pattern of cost and mortality varies between racial/ethnic groups; second, prostate cancer treatment may explain some of the racial/ethnic disparity in mortality and cost; third, lower all-cause mortality and prostate cancer-specific mortality was observed among Asian men; and fourth, non-Hispanic black and Hispanic elderly with advanced prostate cancer have higher costs in terminal phase. Some studies have shown that treatments for a given stage of prostate cancer vary by age and ethnicity,^[@R4],[@R5],[@R23]^ while others have addressed the variations in cost and disease-specific mortality.^[@R2],[@R24]^ However, phase-specific costs and mortality in elderly patients with advanced prostate cancer remain unexplored. Our study fulfills some of these gaps in knowledge.

Racial/ethnic disparities in healthcare are defined as "racial/ethnic differences in the quality of healthcare that are not due to access-related factors or clinical needs"^[@R6]^ and are viewed as a major quality problem.^[@R6],[@R23]^ Disparities are multifaceted issues and involve patient, provider, healthcare system, community, and environmental factors.^[@R25]^ Understanding the disparity in mortality and the pattern of variation along different areas of cost distribution is crucial for development of policies aimed at improving quality of care for all racial/ethnic groups. Quality of healthcare is defined as "the degree to which health services for individuals and populations increase the likelihood of desired health outcomes and are consistent with current professional knowledge."^[@R25]^ Quality of care for advanced prostate cancer care comes in 3 distinct forms: overuse, underuse, and misuse. Services provided in circumstances where patients cannot benefit lead to overuse. Underuse occurs when a provider fails to provide proven effective care, and misuse occurs when a provider delivers a service that could be beneficial, but performs it with inadequate skill and exposes the patient to a preventable complication.

In this study, we assessed the racial/ethnic disparities in cost and mortality in Medicare elderly with advanced prostate cancer. We observed that disparities fluctuated along different parts of the cost distribution, both between and within racial/ethnic groups. After adjusting for socio-demographic attributes, clinical attributes, treatment, and propensity score, these disparities persisted along higher end of cost distribution for Hispanic and non-Hispanic black men in the treatment phase, and for Hispanic and Asian men in the follow-up phase. For the terminal phase of care, after adjusting for socio-demographic attributes, clinical attributes, treatment, and propensity score, disparities in costs persisted for non-Hispanic black and Hispanic men, compared with non-Hispanic white men.

These differences may reflect the differences in intensity of services received by each racial/ethnic group. Differences at the lower end of cost distribution indicate disparity in basic services. On the other hand, disparities at the higher end of cost distribution may imply that intensity of services differs even among those who are sicker and thus have greater need for the services. Mortality is an important measure of quality of care. Our results indicate that the hazard of mortality varies between racial/ethnic groups. Asian elderly men with advanced stage prostate cancer had lower hazard of mortality, as well as lower cost of care in treatment and follow-up phases compared with non-Hispanic white men. For non-Hispanic black men, the hazard of all-cause and prostate cancer-specific mortality was not significant after adjusting for treatment; however, the cost of care in this group remained elevated after adjusting for treatment, compared with non-Hispanic white men. These results have clear implications for quality of prostate cancer care. It is observed that addressing disparity in treatment can help in reducing mortality (prostate cancer-specific and all-cause) among non-Hispanic black men. Additionally, a higher proportion of non-Hispanic blacks in our cohort did not receive any treatment, indicating under-treatment, which may have direct implications for mortality. Thus, it is clear that opportunities exist to improve the quality of care without increasing cost, via effective management of overuse, underuse, and misuse of treatment and health services.

We note some limitations to our study. Our study cohort included non-Hispanic black, Hispanic, non-Hispanic white, and Asian men aged 66 or older, living in an SEER area and not enrolled in an HMO. Although SEER data are a representative sample of the US, only a relatively small Hispanic population is included. Our findings may not be generalizable to men younger than 66 years of age or to men enrolled in HMOs. The age and sex distribution for individuals 66 years and older in the SEER areas is comparable with that of the US elderly population. However, the SEER area distribution differs from that in the US elderly population in that SEER areas have a lower portion of whites and a higher concentration of persons of other races. Another imitation of claims data is potential for misclassification of codes. It is possible that some biases remain unaccounted for and we plan to address those in our future studies. Additionally, at the time of the study, SEER data were available for up to year 2007 and linked Medicare claims were available for up to year 2009. We used cases diagnosed between 2001 and 2004 so that at least 5 years of follow-up Medicare data will be available.

A major concern of policymakers in the US is the escalating cost of care and disparities in care and outcomes.^[@R6],[@R8]^ New treatment options for advanced stage prostate cancer translate into new opportunities to improve outcomes, and thus careful consideration and management of new therapies is needed.^[@R26],[@R27]^ Our results show that the relationship between race/ethnicity, cost of care, and mortality along different phases of care is complex. Future research can address treatment-specific attributes and other factors that contribute to the observed racial/ethnic variation in advanced stage prostate cancer care and outcomes. Thus, addressing the issues of underuse, overuse, and misuse of treatment and health services may be an appropriate strategy to alleviate disparities and improve quality of care for all racial/ethnic groups.

Abbreviations: GLM = generalized linear model, PEDSF = patient entitlement and diagnosis summary, SEER = surveillance epidemiology and end results.
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